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In  a  previous investigation  (1)  it was  found that a  comparatively 
aplastic,  fatal anemia was produced in rabbits by repeated injections 
of coUargol.  This  was  interpreted  as  the  result  of injury  to  those 
endothelial  cells  which  are  considered  as  the  precursor  cells  of  the 
erythrocytes and clasmatocytes. 
The marked and rapid effect obtained with colloidal silver suggested 
that  this  substance  exerted not  only a  mechanical  but  also  a  toxic 
action  upon  the widespread  system of endothelial  cells.  It  seemed 
desirable,  therefore,  to  analyze the reaction of the blood and blood- 
forming organs  to  a  comparatively inert  substance  in  colloidal  sus- 
pension.  Carbon  particles  served  the  purpose,  especially  as  it  has 
been noted by various observers (2, 3)  that carbon exhibits a  special 
affinity for the  endothelial cells. 
Material and Methods. 
As experimental animals twenty-one rabbits were used. 
The investigation was begun with an India ink manufactured by F. Weber Co., 
Philadelphia.  This  product  was  found to exert a marked  stimulation  on the 
blood-forming organs.  Therefore, in the attempt to isolate the factor in the ink 
possessing this stimulating effect on the bone marrow, experiments were  made 
later with the filtrate of this ink, obtained by passing it through a Berkefeld filter 
W, thus removing practically all the carbon particles, as well as dialysate of the 
ink, obtained by suspending  100 cc. of the ink in a parchment bag in  50 cc. of 
distilled water, and allowing it to stand for 4 days.  Other inks,--Higgins' Water- 
proof and General Drawing Inks, as well as Chin Chin and Pelican Waterproof 
Drawing Inks, manufactured by Gtinther Wagner,  Hanover, were tried,  in  order 
to determine whether or not the effect produced was a property common to col- 
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loidal suspensions of carbon particles, obtained in the market in the form of drawing 
inks. 
As the present investigation was intended as a control of a previous study with 
colloidal silver  (1)  the same experimental  procedure has been employed, unless 
otherwise stated,  i.e.,  the substance used was diluted  with equal  quantities  of 
distilled water, and injections were given intravenously every 2nd day as a rule, 
the dose varying from 2 to 10 cc.  The changes in the blood were followed by ex- 
aminations  at frequent  intervals.  Zenker-fixed tissues,  stained  with  eosin  and 
methylene blue,  were used  for microscopical examinations.  Counts were  also 
made on supravital bone marrow preparations,  as well as on fixed smears of the 
bone marrow. 
The nomenclature of the blood cells used in this paper is the one employed by 
Sabin (4).  In fixed smears the difficulty encountered in classifying the earliest 
blood cells designated by many as hemoblasts, is fully appreciated, but it is felt 
it can be done with reasonable certainty.  In the tables,  the very early erythro- 
blasts,  with  characteristic  nuclei  but  no  demonstrable  hemoglobin  have  been 
classified separately, to show to what extent  these forms appeared in the periph- 
eral blood.  No cells  that could be classified  as definite megaloblasts were found 
in the peripheral circulation although present in all the hyperplastic marrows. 
~.XP~:m~NTAL  O~S~:VATmNS. 
Injections of Weber's Drawing Ink. 
Most of the observations here reported are based on the intravenous 
injections of F. Weber Co.'s Waterproof Drawing Ink and its filtrate. 
The results obtained with this ink were remarkably constant,  if  one 
allows for small variations due to individual differences in the animals 
studied. 
With large doses (6 to 10 cc.  of a  50 per cent  suspension)  the  pe- 
ripheral  blood  showed the following  changes:  first a gradual  decline 
often preceded by a  slight  rise of erythrocytes and  hemoglobin.  If 
the  same  dose was used  at  each  injection,  this  decline  was usually 
followed by a  rise  to  practically  the  initial  level.  With  gradually 
increasing doses it was possible to produce a moderate anemia in three 
instances, and in one (No. H-25), a severe anemia which ended fatally, 
with terminal counts of 1,420,000 erythrocytes, 18 per cent hemoglo- 
bin, and 18,000 nucleated red cells per c.mm.  This animal was given 
54 doses, gradually increased from 4 to 10 cc., and administered with 
increasing frequency, over a period of 114 days. 
When smaller dosage was employed such as 4 ce. of a  50 per cent GULLI LINDH ~ULLER  401 
solution, the hemoglobin and erythrocytes increased above the initial 
level.  This  increase  was  sustained  for a  considerable  but  variable 
time, then, with continued injections, the red blood cells and hemo- 
globin fell to, or below, the initial level.  In one animal  (No. H-60) 
receiving  4  cc.  doses,  the  erythrocytes  and  hemoglobin  gradually 
TABLE  I. 
Rabbit H-24.  Intravenous Injections of Weber'  s Drawing Ink Diluted with an Equal 
Quantity of Distitged Water.  Large Dosage. 
Date 
19Z4 
Dec.  10 
"  15 
"  17 
"  22 
"  27 
19Z5 
Jan.  1 
"  6 
"  10 
"  15 
"  20 
"  27 
Feb.  2 
"  10 
"  17 
"  25 
Mar.  2 
I  Red  b.lood 
I Erythroblasts 
White 
hlrw~d  il~ormo- 
With I  No  hemo- hemo- 
globin globin 
C 
C 
273 
286  i 
2001  0 
sTi  o 
954  i  0 
8,410  0 
3,360  60 
3,2501  0 
3,600  0 
130  0 
1,320  0 
3,690  246 
0 
1,204 
Remarks 
Injections begun 
Dose 6 cc. three times a  wk., 
except  where  otherwise 
noted 
Dose  8  cc.  injections  given 
every day  from Jan,  5  to 
15 
Dose omitted Feb. 28 
Killed 
declined to about 50 per cent of normal, then a gradual increase was 
apparent  especially in  the hemoglobin. 
The most striking and constant feature in all the animals studied, 
with large or small dosage, was the appearance, after one cr two in- 
jections, of nucleated red blood cells in  the peripheral blood.  The 
number of nucleated cells increased as injections were continued, and 
in several instances reached high values (60,000 to 70,000 per c.mm.). 402  BO17E MARROW REACTIONS.  II 
In the beginning of the course the nucleated red cells were primarily 
normoblasts; later however, erythroblasts of increasingly early stages 
appeared in the peripheral blood.  This outpouring of nucleated red 
blood cells continued uninterrupted during the entire time that the 
animals were under observation, in two instances for 4 months.  The 
TABLE  II. 
Rabbit H-58.  Intravenous Injections of Weber'  s Drawing Ink Diluted with an Equal 
Quantity of Distilled Water.  Small Dosage.  Illustrating  Effect of Pregnancy. 
Hemo  = 
Date  globin 
Red blood 
cells 
White  Normo-  Erythroblasts 
blood  blasts  With  ]  No 
cells  herao-  hemo- 
globin ] globin 
per C.ITml. 
1925  percent  5,770,000 13,900 
Sept. 29  78  0  C  0 
3ct.  2  83  5,970,0001 9,1301 4,473  91  0 
"  6  104  7,470,000[ 9,000]  630  C  0 
"  10  92  5,980,0001 5,900112,962  236  0 
"  15  101  7,100,000111,080]  14,520  1,10~  0 
"  20  80  5,890,0001  5,600112,840  56{3  0 
"  24  93  5,730,000112,500]27,375  750  0 
"  29  87  7,370,000117,600124,288 1,232  0 
Nov.  3  92  7,040,000[10,2401 8,058  102  0 
"  9  83  5 220 000113 0001  390  C  0 
"  17  71  5,130,0001 8,300]  0  0  0 
"  19  74  5,240,000110,990]  110  0  0 
"  24  70  5,280,000112,440110,788 3,9681 248 
Dec.  3  64  5,370,000111,200127,360 5,472] 342 
"  11  63  5,900,000118,200118,982  1,162 581 
"  22  70  5,380,000115,1001 8,200  0  0 
"  31  80  5,640,000117,000111,400  1,900  0 
1926  I 
"an. 12  78  5,900,000114,000  ! 7,348  668  !  0 
Feb.  2  73  5,540,000[33,500  8,650  2,422  346 
"  16  89  8,040,000123,200  7,860  975  245 
Remarks 
Injection begun 
Dose 4 cc. three times a wk. 
One injection omitted Nov. 6 
Litter of four young 
Nov.  19.  Blood count 
done after litter cast 
Killed 
magnitude  of this  reaction  varied  directly  with  the  size of the  dose 
and  the frequency of the administration.  The general course of one 
of the animals given large doses is illustrated  in Table I. 
In  a  female  which became pregnant,  the  appearance  of nucleated 
red  blood  cells  in  the  peripheral  blood  was  markedly  depressed for GULLI  LINDH  MULLER  403 
about  2  weeks, and  finally completely suppressed,  before the litter 
was cast, only to be resumed with renewed vigor after the termination 
of the pregnancy.  This observation was verified in another animal 
allowed  to  become pregnant  during  the  course of  the  experiment. 
In Table II is illustrated the effect of comparatively small dosage, and 
the influence of pregnancy on the blood picture.  It is of interest to 
note that the appearance of nucleated red blood cells was often con- 
comitant  with  an  increase  of  the  erythrocytes and  hemoglobin  in 
healthy animals above the supposedly normal initial level.  That the 
number of nucleated red cells in the peripheral blood represented an 
actual stimulation of the erythrocytic centers and not a release only of 
already formed cells in the marrow is evidenced by (1)  the length of 
time  that  the animals  exhibited  this  phenomenon  (one animal  141 
days), (2)  the microscopic findings of the bone marrow. 
The bone marrow in all the animals receiving injections of Weber's 
Drawing Ink  showed a  marked hyperplasia.  The degree of hyper- 
plasia varied with the length of time of administration and the size 
of the dose.  In those animals receiving large doses for a comparatively 
short time the tendency seemed to be toward less replacement of fat, 
while with smaller dosage, the decrease of fat cells was more marked. 
The hyperplasia was largely limited to cells of the erythrocyte serie~ 
and normoblasts predominated.  When a few small doses were given, 
younger  forms  were  more  evident  in  the  hyperplastic  areas.  In 
animals injected over a  long period of time,  the bone marrow  was 
always hyperplastic in  structure, and this hyperplasia included also 
the leucocyte series.  In these cases there was also evidence of a patchy 
hypoplasia.  This was especially marked in No. H-60,  in which the 
patchy hypoplasia was adjacent to areas of most intense erythrocyte 
hyperplasia.  In addition many clasmatocytes, scattered throughout 
in all the sections, were filled with great quantities of carbonparticles, 
in many instances obscuring the finer architecture of the bone marrow. 
A striking feature in the bone marrows studied was the absence of the 
endothelial wall in many of the venous sinusoids.  Under low magni- 
fication the mature red cells were confined to definite channels,  the 
boundary line  of which,  under higher  magnification, proved  to  be 
nucleated red ceils in various stages of maturation.  Occasionally a 
large swollen endothelial cell would be in line with a  megaloblast or 404  BONE  MARROW  REACTIONS.  II 
erythroblast, furnishing part of the boundary line of the blood vessels, 
but  more  frequently  the  boundary  consisted  of  erythroblasts  and 
normoblasts, many of them apparently loose and mixed with mature 
red  cells.  This  indicates  that  in  these  hyperplastic marrows,  red 
blood cell formation was taking place intravascularly, and, as far as 
could be determined, from the vascular endothelium of patent, func- 
tioning sinuses.  The same observations have been made by Doan, 
Cunningham, and Sabin ~5). 
Other points of interest noted in the microscopic sections were the 
large number of nucleated red cells in the spleen; the practical absence 
of carbon particles from the retroperitoneal mesenteric lymph nodes; 
and  the considerable accumulation of carbon particles in  the lung. 
Whether the nucleated red blood cells were taken out of the blood 
stream or formed locally in the spleen could not be determined. 
Injections with Dialysed Weber's Drawing Ink and the Dialysate. 
In order to isolate, if possible, the factor producing this stimulation 
of  the  erythrocyfic centers  described  above,  the  ink was  dialysed 
through a parchment membrane in running water.  If the process of 
dialysation was continued more than 16 hours, a gelatinous mass was 
formed which was unfit for intravenous injections.  The results ob- 
tained with ink dialysed between 12 and 16 hours gave essentially the 
same, but less striking results than those obtained with the untreated 
ink. 
The dialysate of the ink, obtained by suspending 100 cc. of the ink 
in a parchment bag in 50 cc. of distilled water and allowing it to stand 
for 4  days, when injected intravenously seemed to  be without any 
effect on the blood.  The bone marrow of the animal injected was 
essentially normal. 
Injections with Filtrate of Ink. 
The filtrate obtained by passing the ink through a Berkefeld filter W 
gave results similar to the whole ink injected intravenously, and, as 
far as could be determined, by removing the ink particles the action 
on the hematopoietic organs was somewhat enhanced.  In Table III, 
the course of one animal so injected is illustrated.  The dosage in this 
animal was 4 cc. of the undiluted filtrate, comparable to an 8 cc. dose GULLI  LINDH  MULLER  405 
given to Rabbit H-24.  In all the animals the initial rise was followed 
with a marked drop in the hemoglobin and erythrocytes.  Both the 
rise and the anemia following were accompanied by tremendous out- 
pourings of nucleated red cells, the number of which declined some- 
what after reaching a  maximum.  This decline was usually accom- 
panied  by  a  rise  in  hemoglobin  and  erythrocyte values.  Efforts 
Rabbit  H-63. 
TABLE  III. 
Intravenous  Injections  of Filtrate  of Weber's  Drawing  Ink. ~ Ink 
Pa~sed through Berkefdd Filter W.  Large Dosage. 
~Iemo- 
Date  globin 
I  I 
Red blood 
cells 
I  blasts  Erythroblasts  White Normo- 
blood  With  No 
cells  hemo-  hemo- 
globin  globin 
per c.mm. 
1925  per ~snt ] 
3ct.  15  80  6,280,000 14,80G  0  0  0 
"  19  79  6,140,000 10,80C  0  01  0 
"  20  24,500i  0  0  0 
"  23  99  6,700,00023,11C  7,590  0  0 
"  27  96  6,090,000 12,67C  6,220  0[  0 
"  31  75  5,590,000  9,95C 10,240  199  0 
gov.  5  72  5,890,00028,920 11,630  290  0 
"  9  57  5,110,000  9,08C  5,720  G  0 
"  17  58  4,510,000  7,900~41,310  2,142  0 
"  24  58  4,770,000 15,05G 21,190  2,558  0 
Dec.  3  45  3,990,000 16,51C 63,630  4,209  0 
"  12  46  3,530,000 24,000  25,540 11,830  258 
"  22  45  3,400,00020,10G 39,760  8,644  864 
"  31  42  3,350,000 21,700i64,900 11,694!1,222 
19Z,6 
an.  12  50  12,780,000 14,50C 51,230 16,329  1,134 
Feb.  2  52  3,330,00028,80~ ~1,920  9,60C  320 
"  3  48  3,200,00021,90C 28,930  8,775  325 
Remarks 
Injections  begun.  Dose  4 
cc. three times a wk.  Whitq 
blood cell count 1 hr. aftex 
first injection 
One injection omitted Nov. 6 
Last injection Feb. 1 
Killed 
were made  to  exhaust  the  marrow completely  by  increased  dosage 
and more frequent administration, but without success.  The struc- 
ture of the marrow was similar to that obtained from animals injected 
with the whole ink with this difference; that the clasmatocytes filled 
with ink particles were replaced  by enlarged clasmatocytes  staining 
pale  red with eosin,  usually appearing homogeneous with occasional 
vacuoles and granular inclusions. 406  BO~-E  MARROW  REACTIONS.  II 
Injections  with Higgins'  India Ink. 
Five animals were injected with Higgins' India Ink, three with the 
Waterproof Drawing  Ink  and  two  with  the  General Drawing  Ink. 
The dose in all instances was 4 cc. of a 50 per cent suspension, and the 
number varied between 4  and 34 injections administered every 2nd 
day.  The course of these animals was identical in the main with the 
results reported by Sapinoso, Berg, and Jobling (6), i.e., first there was 
a decline of red blood cells and hemoglobin, followed by a rise to the 
initial level.  Nucleated red cells in the normoblastic stage appeared 
in the peripheral blood, but the magnitude of the reaction was slight 
when compared with those obtained with Weber's  India Ink and its 
filtrate.  At  no  time  were more  than  2280  normoblasts  found per 
c.mm.  The most striking difference, however, was found in the bone 
marrow.  The  carbon  was  deposited  in  clasmatocytes  to  a  great 
extent,  but  considerable  amounts  were  found  in  the  endothelium 
lining the dilated blood vessels.  There was little or no hyperplasia 
of the bone marrow and the cells present were mainly of the leucocyte 
series. 
The enormous capacity of the endothelial cells to form clasmatocytes 
and phagocyte particulate matter is realized when studying sections 
from animals injected over long periods of time, provided that these 
particles or colloidal suspensions are of an inert nature.  The findings 
above prove conclusively that carbon particles as such stimulate the 
endothelial cells mainly toward clasmatocyte formation.  With col- 
loidal silver on the other hand, there seems to have been a toxic effect 
on the endothelial cells incapacitating the entire system very rapidly. 
This may perhaps explain the divergence of results by investigators 
"blocking" the so called "reticulo-endothelial system."  The colloid 
or particulate matter used may be inert; it may stimulate or it  may 
depress this widespread system of cells. 
Injections  with Gi2nther Wagner's India Ink. 
Two  brands  of  German  manufacture  were  used,  namely,  Chin 
Chin and Pelican Waterproof Ink.  The results were essentially the 
same as with Weber's India Ink, except that the changes of both the 
peripheral blood and blood-forming organs were less marked. GULLI  LINDH  MULLER  407 
DISCUS  SION. 
Summarizing the results obtained by the injection of various India 
inks, certain features ought to be emphasized.  With Weber's India 
Ink  a  tremendous outpouring of nucleated red cells occurred which, 
in the light of the experiments described above, may be attributed to a 
substance which passes through a Berkefeld filter and seems to be non- 
dialysable.  This substance, apparently a protective colloid, appears 
to have essentially the same effect on the blood and the blood-forming 
organs,  whether it  is  associated with  the ink or separated from it. 
With large doses after an initial rise of erythrocyte and hemoglobin 
values,  there was a  decrease in  these constituents of the peripheral 
blood, while with smaller dosage there was mainly an increase of red 
cells and hemoglobin sustained for a variable time and followed later 
by a  decrease.  Associated both  with  the rise  and  fall in  red  cells 
there was an outpouring of nucleated red cells, as a rule proportional 
to  the  size  of  the  dose  and  the  number  of  administrations.  The 
interesting feature, however, is the delivery of the nucleated red cells 
in the peripheral blood in the face of apparently an adequate number 
of circulating red cells. 
The conditions in which nucleated red cells appear in the peripheral 
blood  were reviewed by Drinker,  Drinker,  and  Kreutzmann  (7,  a) 
in 1918.  Except in anemia due to various causative factors, nucleated 
red cells do  not appear in  the peripheral blood  save as a  result of 
marrow disintegration (8), as an occasional concomitant of leucocyto- 
sis (9,  10),  and, very rarely, in animal and man subjected to sudden 
low barometric pressure (11).  The crowding out of the nucleated red 
cells in acute myelogenous  leucemia and in metastatic tumor growth in 
the marrow (12) is easily explained as pressure phenomena. 
With a normal marrow the appearance of nucleated red cells in the 
peripheral blood stream can in all probability be explained by growth 
pressure (7, b).  This pressure may be local and does not necessitate 
an extensive hypertrophy throughout the tissues.  If the picture of 
the  bone  marrow from  the histological  and  physiological points  of 
view is kept  in mind,  the appearance of nucleated red cells in  the 
peripheral blood when the marrow is  stimulated becomes apparent. 
Histologically, we have a tissue with sinuses and intersinusoidal capil- 408  BOI~  ~IARROW  REACTIONS.  II 
laries situated between the fat cells, and outside the functional blood 
stream are the marrow cells, the red cells, however, developing in the 
intersinusoidal closed, but potential, capillaries as has been shown by 
Doan,  Cunningham, and Sabin  (5).  Occasionally in a  hyperplastic 
marrow the developing red blood cells may be situated directly in the 
path of the blood stream as seen in these experiments.  Physiologically 
on the other hand the bone marrow is a highly sensitive tissue confined 
to an inexpansible environment with all of its elements incompressible, 
the path of least resistance being the blood stream, as has been pointed 
out by Drinker (7, c). 
In the experiments described the appearance of the unprecedented 
number of normoblasts and erythroblasts in the peripheral blood can 
therefore be explained by growth pressure.  The growth pressure may 
be produced in this instance by two factors, the most important one 
being the marked increase of the nucleated red cells in the bone mar- 
row;  the other being  the  number  of  large clasmatocytes scattered 
through the bone marrow and encroaching to a  considerable extent 
on the limited space.  With this pressure from developing erythrocytes 
and clasmatocytes the intersinusoidal capillaries may be forced open 
prematurely, allowing the circulating blood to wash over the immature 
red cells; or the red cells may develop primarily on the edges of the 
already open sinuses.  Growth pressure due to a considerable increase 
of the clasmatocytes in  the bone marrow may perhaps explain the 
moderate number of normoblasts found in  the peripheral blood of 
animals injected with Higgins' India Ink, the bone marrow of which 
showed little or no hyperplasia of the erythrocyte series but a great 
many clasmatocytes. 
As an explanation of the delivery of red cells in the peripheral blood 
stream, disintegration of the marrow must be thought of, but can be 
dismissed at once because of the length of time the animals exhibited 
this phenomenon, the content of the peripheral blood, and the histo- 
logical picture of the bone marrow.  It is of course conceivable that 
the stickiness of the red cells except the mature erythrocytes, as has 
been pointed out by Key (13), may be lessened or abolished in some 
way by the substance used for injections, but this does not explain 
adequately the phenomena encountered. 
The marked suppression of the delivery of nucleated red blood cells GULLI  LINDH  MULLER  409 
in the blood stream, concomitant with a slight fall in erythrocytes and 
hemoglobin in the course of pregnancy, I  do not attempt to  explain, 
but it is an interesting fact showing the dominant effect of pregnancy 
on  the bone marrow over an agent which otherwise did not fail to 
elicit this characteristic reaction. 
It is evident that from the experiments above no definite conclusions 
can be  drawn  as  to  the nature of  this  bone marrow  stimulus  and 
whether it operates directly on the bone marrow or indirectly through 
some other organs.  Investigation of the subject, however, is now in 
progress. 
CONCLUSIONS. 
i. Intravenous  injections in rabbits of F. Weber Co.'s Drawing Ink 
gave the following results: 
(a)  With large doses, an outpouring of nucleated red blood cells, in 
many instances reaching high values  (60,000  to  70,000  per c.mm.), 
accompanied by a  slight initial rise of erythrocytes and hemoglobin, 
followed by a moderate anemia and in one animal, a  severe anemia. 
(b)  With smaller doses  the presence of nucleated red cells in  the 
peripheral blood was correspondingly less, the hemoglobin and eryth- 
rocytes increasing  above  the  initial  level.  This increase  was  sus- 
tained for a considerable time, followed by a decrease to or below the 
initial level. 
(c)  Pregnancy caused a  marked suppression,  and,  shortly before 
delivery, a  complete suppression of the  normoblastosis.  Nucleated 
red blood cells reappeared in the blood after the litter was cast. 
2.  The filtrate of Weber's Drawing Ink, obtained through a  'Berke- 
feld filter W, produced the same effects, somewhat enhanced, as  the 
whole ink. 
3.  The bone marrow of the animals injected with Weber's ink and 
the  filtrate,  both  showed  a  marked  erythrocytic hyperplasia,  with 
many open sinuses lined with nucleated red blood cells in all stages of 
maturation. 
4.  As the dialysed ink gave practically the same results,  and  the 
dialysate proved to be without any effect, the conclusion was drawn 
that a non-dialysable protective colloid was responsible for the marked 
stimulation  of  the hematopoietic organs. 410  BONE MARROW REACTIONS.  II 
5.  The delivery of nucleated erythrocytes was interpreted as due 
to growth pressure induced by rapidly growing red blood ceils as well 
as intrasinusoidal formation of erythrocytes.  Pressure due to rapidly 
increasing phagocytic cells must also be considered. 
6.  It  is  fair  to  conclude that  carbon  particles  as  such stimulate 
endothelial  cells  mainly  toward  clasmatocyte  formation  without 
incapacitating the endothelial cells, while colloidal silver apparently 
had a toxic and incapacitating effect on this system of cells. 
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